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Abstract 
Solar energy from a parabolic trough solar field can be integrated to a combined cycle in several ways to decrease the already 
low emissions. This is accomplished in an integrated solar-combined cycle system (ISCCS). 
The trough parabolic collector technology has been chosen among several technologies for the great possibility of applying it in 
our strongly sunny country and considering its simplicity of operation which proved its profitability and its reliability. These 
solar power plants have an attractive future for their simple realization, their low costs and especially their weak emissions of gas 
with greenhouse effect (compared to those of SEGS II to IX). 
The collector performance model described in this paper was linked with the TRNSYS simulation program and  hour by hour 
simulation of the energy gained by the collector was determined using the Algerian site radiation data. 
To sum up, the results are discussed in detail.The goal is to determine the most favorable conditions for a better power 
generation. 
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Nomenclature 
A collector aperture area (m2) 
IC. direct irradiance normal to the aperture plane (W/m2) 
Qg heat recovered by gas turbine (W)   
Qp   heat loss (W) 
Qr heat recovered by steam generator (W)   
Qs  heat received by parabolic trough solar field (W)  
Wg  mechanical power generated by gas turbine (W)  
Wv  mechanical power generated by steam turbine (W)  
HRSGε  effectiveness of the heat recovery steam generator
gη combustion cycle efficiency 
vη  steam cycle efficiency 
1. Introduction 
The most rational use of solar energy is as user requirements, generally in thermal form at low temperature. 
However, in addition to these uses there are many other possibilities: mechanical energy, electrical power.    
Mechanical or electrical energy production from fossil energies is due to combustion heat delivery          and then its 
mechanical energy conversion through thermodynamic cycles  
The solar radiation concentration allows to minimise the losses and to improve the receiver efficiency. Thus, the 
reached temperature could be higher than in preceding direct uses without sensors concentration. 
Solar technologies with concentration allow the radiation conversion into heat at high level temperatures between 
200°C and 2000°C, with higher efficiency, about, 70% [1]. 
This primary heat can then be used in many processes: material synthesis or transformation in electricity power, 
in hydrogen, etc.  
According to a study by the German Aerospace Agency [2], Algeria has the largest potential for concentrating 
solar thermal power plants, about 1787 000 km². 
According to irradiation maps (Fig.1), the total annual direct normal irradiation is between 1750 kWh/m²yr and 
2550 kWh/m²yr.  
  
    Fig.1. Annual direct normal insolation in Algeria
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In Algeria there are two important energy sources: abundant solar radiation and an available gas supply. So, the 
New Energy Algeria (NEAL) has planned four (04) power projects of hybrid natural gas/solar powers plant in Hassi 
R’mel at 420 km south of Algiers [2].  
    Fig.2. Annual direct irradiation in (Ghardaïa1b) Algeria [3]              Fig.3. Annual duration of insolation in (Ghardaïa1) Algeria [3]
 
There are two categories of concentrators, central receiver systems (tower) and systems with collector (dish and 
parabolic through) Fig. 4. 
                                       
(a) Tower                                                                        (b)Dish                                                                   (c) Parabolic through 
Fig.4. Different types of concentrators [4] 
Although, many solar technologies have been demonstrated, parabolic trough solar thermal electric power plant 
technology represents one of the major renewable energy success stories of the last two decades. Parabolic troughs 
are one of the lowest costs solar electric power options available today and have significant potential for further cost 
reduction [5].  
2. The transformation of thermal energy
There are a number of different power cycles that can be used for parabolic trough power plants. Moreover, a 
number of options allow selecting how to integrate solar energy into power cycle. 
2.1. Steam Rankine Cycle 
The solar Electric Generating System (SEGS) Fig. 5  plants use a regenerative reheat steam turbine cycle that has 
a gross steam cycle efficiency approaching 38% with high-pressure steam conditions of 100bar, and 370°C [6].  
1 Ghardaïa (3.8°E and 32.4°N) is located 60 Km from Hassi R’mel  (3.4°E and 33°N)
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The power cycle uses a solar steam generator instead of the conventional boiler fired by natural gas, coal, or 
waste heat from nuclear fission. 
Fig.5. Solar electric generating system [7] 
2.2. Combined Cycle Systems
It is possible to integrate a solar steam into the Rankine bottoming cycle of a combined-cycle parabolic trough 
power plant. This type of plant is called an Integrated Solar Combined Cycle System (ISCCS) Fig. 6. 
A combined-cycle system uses solar heat for steam generation and gas turbine waste heat for 
preheating/superheating the steam. It can approximately double the steam turbine capacity. 
Fig. 6. Integrated solar combined cycle system [8] 
3. Efficiency of the solar power plant 
A simple description of conversion processes occurring in the solar power plant is given in Fig. 7. 
          Fig.7. Energy balance of a thermal solar plant
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The efficiency of the combustion cycle gη is:  
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The efficiency of the steam cycle vη is:   
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The effectiveness of the heat recovery steam generator (HRSG):  
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The efficiency of the solar field is: 
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Thus the Efficiency of the solar power plant is:  
    
A.cIgQ
vWgW
ISCCS +
+
=η                                 (6) 
4. TRNSYS simulation 
A simulation model linked with the TRNSYS simulation program is used to determine the annual performance of 
a typical trough configuration under Algerian conditions in the site of Hassi R’mel. 
4.1. Presentation of the program  
TRNSYS is a TRaNsient SYstems Simulation program with a modular structure [9] that was designed to solve 
complex energy system problems by breaking the problem down into a series of smaller components. Each of these 
components can then be solved independently and coupled with other components to simulate and solve the larger 
system problem. Components (or Types as they are called) in TRNSYS may be as simple as a pump or pipe or as 
complicated as a multizone building model. The entire program is then basically a collection of energy system 
component models grouped around a simulation engine (solver). The modular nature of the program makes it easy 
for users to add content to the program by introducing new component models to the standard package. The 
simulation engine provides the capability of interconnecting system components in any desired manner, solving 
differential equations, and facilitating inputs and outputs. 
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A library of Solar Thermal Electric Component (STEC) models for both solar and conventional power cycle 
elements was created for TRNSYS [10]. The component models are linked together to form the desired system, 
thereby permitting flexibility in modeling different configurations such as standard solar plants or combined fossil-
solar (hybrid) designs. The STEC library components are typically detailed steady state models formulated in 
thermodynamic quantities such as temperature, pressure, and enthalpy. 
4.2. The power plant simulation  
We simulate the integrated solar combined cycle systems, as seen in Fig.6. is a parabolic trough solar field and a 
combination between Brayton cycle and Hirn cycle. Each heat exchanger network, consisting of preheater 
(economizer), steam generator (evaporator) and superheater is treated as a heat recovery steam generator (HSRG). 
The power plant model is a steady-state model. The effectiveness and the heat transfer coefficients in the heat 
exchangers are functions of the steam / water mass flow rate. The pump and turbine efficiencies are assumed to be 
constant, the flowing data, Table. 1 are taken.  
  
Table 1.Technical data of ISCCS power plant 
Inputs  Name  Values 
Gas turbine 
Compressor 
Inlet air temperature (K) 298 
Inlet pressure (bar) 1.013 
Inlet air flow rate (Kg/s)  224 
Compression ratio 19.6 
Isentropic Efficiency (%) 0.9 
Combustion 
chamber  
Fuel flow rate (Kg/s) 4.4 
Inlet pressure (bar) 19.6 
Inlet air flow rate (Kg/s) 224 
Turbine 
Inlet pressure (bar) 19.6 
Isentropic Efficiency (%) 0.89 
HSRG1 
Economizer 
Economizer 
Hot side flow rate (Kg/s) 228.4 
Cold side flow rate (Kg/s) 30 
Cold side  pressure outlet (bar) 100 
Hot side inlet temperature (K) 854 
Cold side inlet temperature (K) 310 
Evaporator 
Hot side flow rate (Kg/s)  228.4 
Hot side inlet temperature (K) 776 
Cold side inlet temperature (K) 340 
Cold side  pressure outlet (bar) 100 
  
Super-heater 
Hot side flow rate (Kg/s) 228.4 
Cold side flow rate (Kg/s) 30 
Cold side  pressure outlet (bar) 100 
Hot side inlet temperature (K) 755 
Cold side inlet temperature (K) 387 
Steam 
turbine 
Turbine  
Turbine outlet pressure (bar) 20-0.04 
Steam flow rate (Kg/s) 30 
Parabolic 
trough 
(Euro-trough) 
SCA 
Area (m2) 183120 
Length (m) 150 
4.3Principal Components employed in the simulation 
We obtain the TRNSYS user interface Fig.8. This represents a graphical display with multiple components 
connecting them with lines which representing flow information; the important components are listed in Table 2: 
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Table 2.Principal modules that are employed in the project 
Name Types Library 
Data reader  9E TRnsys 16.0 
Compressor  424 StecLib 
Combustion chamber   426 StecLib 
Gas turbine   427 StecLib 
Pump  390 StecLib 
Steam turbine stage  318 StecLib 
Condenser  383 StecLib 
Economizer   315 StecLib 
Evaporator  316 StecLib 
Super-heater   315 StecLib 
Deareator  384 StecLib 
Trough parabolic 396 StecLib 
Weather generator  16g TRnsys 16.0 
Feedwater- heater   5b/317 TRnsys 16.0 
Mixer  330 StecLib 
Parabolic trough: The parabolic trough collector is based on Lippke model of [11] and uses an integrated 
efficiency equation to account for different fluid temperatures at  the collector field inlet and outlet. It calculates the 
researched mass flow rate of the heat transfer fluid to achieve a user-defined outlet temperature. 
Compressor: This compressor model calculates the outlet conditions from the inlet state by using an isentropic 
efficiency. 
Combustion Chamber: This model describes an adiabatic combustion space for natural gas fuel.  
Turbine: This gas turbine model calculates the outlet conditions from the inlet state using an isentropic efficiency.  
Economiser: A zero capacitance sensible heat exchanger is modelled in counter flow mode. The cold side input is 
assumed to be water/steam depending on quality. The respective specific heat of cold side fluid is calculated from 
water/steam property data. 
Evaporator: This model simulates a water evaporator, giving outlet temperatures and flow rates of hot and cold 
streams as well as asking for a certain water inlet flow rate to obtain total evaporation. The cold side is assumed to 
be water/steam depending on the quality. Water/Steam conditions are given by temperature, pressure and quality. 
Turbine stage: This turbine stage model calculates the inlet pressure of the turbine stage from the outlet pressure, 
the steam mass flow rate and reference values of inlet and outlet pressure and mass flow rate using Stoidola’s law of 
the ellipse. It evaluates the outlet enthalpy from the inlet enthalpy and inlet and outlet pressure using an isentropic 
efficiency. 
Feed Water Heaters: The feed water heaters are heat exchangers that condense steam extracted from the turbine 
to heat feed water before it enters the economizer, thereby increasing the Rankine cycle efficiency. Two TRNSYS 
components were used to model the feed water heaters, the pre-heater and the sub-cooler. The pre-heater model 
assumes water of constant heat capacity on the cold side and condensing steam on the hot side. It determines the 
required steam mass flow rate that would keep the water level in the heat exchanger constant using the effectiveness 
method to calculate heat transfer.  
Deareator: The deareator is a type of feed water heater where steam is mixed with sub-cooled condensate to 
produce saturated water at the outlet. This helps purge oxygen from the feed water, controlling corrosion. 
Conservation of energy and mass are used to calculate the required steam flow rate from a turbine extraction to 
achieve this process.  
Condenser: Steam exiting the turbine is condensed so that it can be pumped through the steam generation system. 
Additionally, condensed extraction steam exiting from the feed water heaters is directed to the condenser to be 
reused. 
The condenser model assumes a constant temperature difference between the condensate and the cooling water as 
well as a constant rise in cooling water temperature. Therefore, the condensing pressure depends only on the 
condensate inlet temperature. 
206  Halima Derbal-Mokrane et al. / Procedia Engineering 33 (2012) 199 – 2088 Derbal and all / Procedia Engineering 00 (2011) 000–000 
TROUGH
CONDENSORC-PUMPFEEDWATER-HEATER DEAREATOR
S-MIX
S-SPLIT
GT
HSRG1
HSRG2
TV
WETHER 
Fig.8. The ISCCS (of Hassi R’mel Algeria) TRNSYS model 
5. Results 
These tow figures show the weather conditions at the site of Hassi R’mel in the typical day in August and 
September. 
Fig.9. Generated weather conditions on 06 august 2005 at Hassi R’mel zone. 
207Halima Derbal-Mokrane et al. / Procedia Engineering 33 (2012) 199 – 208Author name / Procedia Engineering 00 (2011) 000–000 9
Fig.10. Generated weather conditions on 07 September 2005 at Hassi R’mel zone. 
The solar power plant (ISCCS) represented in figure 8 produces 150 MW of electric power. 30 MW produced 
from the solar plant and 120 MW produced from the combined cycle.  
The table below shows the ISCCS performance. 
Table 3.ISCCS performances 
Outputs Values  
Compressor power (MW) 100 
Turbine power (MW) 190 
Gas turbine power (MW) 90 
HLV (MW) 240 
Combined cycle power (MW)  118 
Solar power (MW) 30 
Combined cycle efficiency (%) 49 
ISCCS efficiency (%) 52 
The table 4 gives some properties of ISCCS simulation. 
Table 4. ISCCS properties output 
Steam  Temperature (K) Pressure (bar) Flow rate (kg/s) 
Compressor Outlet  917 19.6 224 
combustion chamber Outlet 1546 19.2 228.4 
Turbine outlet 854 1.035 228.8 
Hot side super-heater outlet 770 1.035 228.8 
Hot side evaporator outlet 405 1.035 228.8 
Hot side economizer outlet 380 1.013 228.8 
 Cold side economizer outlet  340 100 30 
Cold side evaporator outlet 610 100 30 
 Cold side super-heater outlet 813 100 30 
HP turbine outlet  658 20 70 
condenser outlet 302 3 70 
The figure shows that the combined cycle electric power remains constant. On the other side the electric power of 
the solar plant increases and reaches a maximum of 35 MW then decreases.  
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Fig.11 Electric output of ISCCS plant on 06 august 2005 at Hassi R’mel Zone 
6. Conclusion 
The integrated solar plant concept offers an effective means for continued development of parabolic trough 
technology. Many papers related to ISCCS theoretical research and experimental works have been presented since 
1990. Most of them underline various mechanisms analysis of the plant components, including trough parabolic and 
combined cycle systems. Described work in this paper concerns mathematical models of the main basic components 
in ISCCS and the simulation results for reference days.  
A TRNSYS simulation program is used to determine the annual performance of a typical trough configuration in the 
case of Algerian data conditions in Hassi R’mel area. 
The DNI values for a typical day, are very favorable to set such a power station in this area. 
In the case of 150 MW produced power, 30 are from the solar system. A  52% efficiency is then obtained. The 
output of the combined cycle is about 49%. 
The simulation shows that the combined cycle electric power remains constant. The solar electric power of the plant 
increases to reach 35 MW and then decreases. 
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